Background: We evaluated the effectiveness and safety of a zotarolimus-eluting (ZES) versus a sirolimus-eluting (SES) coronary stent in a large cohort of patients treated with one of these stents in Western Denmark. Methods: A total of 6,122 patients treated with ZES (n=2,282) or SES (n=3,840) were followed for up to 27 months. We ascertained clinical outcomes based on national medical databases.
Background
Introduction of first-generation drug-eluting stents (DESs) more than halved the need for target lesion revascularization (TLR) after coronary stent implantation [1] [2] [3] [4] [5] [6] . However, safety concerns have been raised about the first-generation DESs, especially regarding an increased risk of late stent thrombosis (>30 days after stent implantation) [4, 7] . The effective inhibition of instent neointima formation by the first-generation DESs may reduce neointimal coverage of stents, leaving stent struts as a nidus for late stent thrombosis. Late stent thrombosis has also been associated with late-acquired malapposition of stent struts [8] and late vascular inflammation (beyond that associated with the initial vascular injury and subsequent healing) [9] , both of which may be related to either the type of drug eluted or the polymer coating of the stents.
Since the second-generation fast-release zotarolimuseluting Endeavor ™ stent (ZES) has been shown to induce relatively uniform and complete neointimal coverage of the stent struts and to have a lower incidence of late-acquired incomplete stent apposition [10, 11] , it could represent a safer alternative to the first-generation DESs [12] . Also, the phosphorylcholine coating used for drug-elution from the ZES could be a safer noninflammatory alternative to the polymers used for sirolimus-eluting and paclitaxel-eluting stents [13, 14] .
In the current study, based on data from the Western Denmark Heart Registry (WDHR), we used the sirolimuseluting Cypher ™ stent (SES) as the comparator stent. Intravascular ultrasound and angiography studies have shown that the SES reduced angiographic late lumen loss and neointima formation assessed by intravascular ultrasound to a level below detection with these modalities [1, [15] [16] [17] . Preclinical studies showed that both ZES and SES were associated with delayed endothelialisation in a rabbit model [18] , and that ZES had a higher grade of inflammation than SES at 30 days but less inflammation at 90 and 180 days in a porcine model [19] . Findings from randomised studies, the largest being the Danish Organisation for Randomized Trials with Clinical Outcome (SORT OUT) III trial, indicated that ZES, as compared to SES, had lower efficacy and was associated with increased risk of early stent thrombosis and all-cause mortality. As the external validity of randomised trials is limited by selection bias, it is important that data from randomised trials can be reproduced in observational studies [20] . The present study used the WDHR to compare ZES and SES in order to see if the randomised SORT OUT III data could be confirmed in a large cohort of consecutive patients.
Methods

Data extraction
Data for this population-based cohort study were obtained from the WDHR and national databases. The WDHR contains patient-and procedure-specific information on coronary interventions performed at the three coronary intervention centers in Western Denmark (Aarhus University Hospital, Skejby, Aarhus University Hospital, Aalborg, and Odense University Hospital). The national databases used in the study included the Danish Civil Registration System, the National Registry of Causes of Death, and the Danish National Registry of Patients, all of which cover the entire region's population (approximately 3 million inhabitants, 55% of the Danish population). A detailed description of these databases has been published previously [21] .
Between August 1, 2005 and October 1, 2007 10,992 patients were treated with percutaneous coronary intervention (PCI) in the region covered by the WDHR. The study cohort consisted of 6,122 (56%) patients with Post-PCI antiplatelet regimens included lifelong acetylsalicylic acid (75 mg daily) and clopidogrel with a loading dose of 300 mg or 600 mg followed by 75 mg daily. The recommended duration of clopidogrel treatment was 12 months during the entire study period.
The effectiveness parameter was clinically driven TLR, defined as any PCI including the stent or within 5 mm from the proximal or distal stent edge). Safety parameters included all-cause mortality, cardiac mortality, late myocardial infarction (MI; >30 days), and definite stent thrombosis.
We used the Academic Research Consortium definition of definite stent thrombosis [22] . We defined new MIs as hospitalization for MI occurring >30 days after the index PCI [23] based on admissions and readmissions for MI (ICD-10 codes I21-I21.9) identified from the Danish National Registry of Patients [21] . We used the original death certificates obtained from the National Registry of Cause of Deaths to classify deaths according to their underlying cause [21] . We ascertained all repeat coronary interventions (including balloon angioplasty, stent implantation, and coronary artery bypass grafting) from the WDHR. These re-interventions were divided into target vessel revascularization (TVR) and non-TVR. An endpoint committee examined all TVRs and identified all TLRs. Subsequently, all TLRs caused by stent thrombosis were identified by review of the angiogram and patient files, and the clinical presentation of these stent thromboses was identified and classified as STEMI, nonSTEMI, unstable angina pectoris, or stable angina pectoris. We retrieved data from the WDHR on potential predictors of subsequent cardiovascular events, including patient, procedure, and lesion characteristics. We also obtained the complete hospitalization history since 1977 for each patient from the Danish National Registry of Patients until the date of stent implantation, and computed the patients' Charlson Comorbidity Index scores, based on 19 major disease categories [24] .
Statistical analysis
We computed Aalen-Nelson curves for patients and lesions and used the life-table method to compute the cumulative incidence of each outcome. We used Cox proportional hazard regression to compute HRs as a measure of the relative risks for each outcome. Since the hazards were not proportional throughout the follow-up period, we computed HR estimates within separate time windows, for which the proportionality assumption held. The HRs in these sub-analyses reflected the risk among patients alive and at risk of a given outcome at the start of each time period. In regression analyses at the patient level, we controlled for age, sex, Charlson Comorbidity Index score (3 comorbidity levels), diabetes mellitus, PCI indication (STEMI, nonSTEMI/unstable angina pectoris, stable angina pectoris, or other), procedure time, number of lesions treated, total stent length (i.e., the combined length of stents in all treated lesions), and total number of stents implanted. In the lesion-specific analyses (stent thrombosis and TLR) we adjusted for age, sex, diabetes mellitus, PCI indication, procedure time, and stent length (i.e., the combined length of stents used to treat a specific lesion). The subgroup analyses of patients with and without diabetes were controlled for the same parameters except diabetes.
Depending on whether data conformed to a normal distribution, continuous variables were compared by use of the two-sample t-test or the Mann-Whitney test. Categorical variables were compared using the chi-square test. We used SAS software version 9.2 (SAS Institute Inc., Cary, NC, USA) to analyse the data.
Results
Among patients included in this study, 2,282 patients with 3,090 lesions were treated with ZES and 3,840 patients with 5,095 lesions received SES. All patients were followed to November 10, 2007, i.e.,. for at least 40 days and up to a maximum of 823 days). The average follow-up time was 411 days (ZES: 342 days; SES: 452 days). Data on cause of death were not available for 59 patients.
Baseline patient and procedure characteristics presented in Table 1 , and lesion characteristics presented in Table 2 , showed differences between the ZES and SES groups. The most important were older age, longer procedure times, higher comorbidity scores, and differences regarding vessel and lesion types in the ZES group.
The outcome data are provided in Table 3 and the main outcomes are depicted in Figures 1 and 2 Figure 1 Target lesion revascularization after ZES and SES implantation in Western Denmark. Clinically driven target lesion revascularization among patients treated with ZES or SES. stent thrombosis at the patient level (1.2% vs. 0.5%; adjusted HR 2.01, 95% CI 0.76-5.34; p = 0.159) were increased in the ZES group as compared to the SES group. This was apparently due to an excess of both early (day 0 to 30) mortality and early stent thrombosis. There were no significant differences between the two groups in late safety parameters (day 31 to 823). Outcomes stratified by presence/absence of diabetes are presented in Table 4 . Patients without diabetes treated with a ZES had increased risk of target lesion revascularization (TLR; 4.6% vs. 2.0%; HR 2.14, 95% CI 1.29-3.54; p = 0.0032) and early definite stent thrombosis at the lesion level (3.4% vs. 1.4%; HR 1.97, 95% CI 1.11-3.48, p = 0.0202). All other assessed parameters did not differ significantly. Patients with diabetes treated with a ZES had increased risk of death (9.9% vs. 4.6%, adjusted HR 2.03, 95% CI 1.21-3.42; p = 0.0076), cardiac death (5.4% vs. 1.5%; adjusted HR 3.54, 95% CI 1.59-7.90; p = 0.0020), and TLR (9.8% vs. 1.8%; adjusted HR 3.64, 95% CI 1.10-12.1; p = 0.0350). Lesion level analyses confirmed the findings for TLR and indicated a higher risk of stent thrombosis in the ZES group.
Stent thrombosis accounted for 50 of the 202 TLRs. These patients were admitted due to ST-segment elevation myocardial infarction [STEMI; n = 39 (78.0%)], nonSTEMI [n = 6 (12.0%)], and unstable angina pectoris [n = 5 (10.0%)].
Discussion
The SORT OUT III trial reported that the ZES was inferior to SES regarding both efficacy and safety [25] . Although we attempted to randomise routine clinical care patients ("all-comers") in SORT OUT III, we reported that the separate group of patients that were eligible, but for different reasons not randomised, had higher 30-day mortality than patients who entered the All-cause Mortality (%) trial (3% vs. <1%). It is therefore of clinical importance to confirm the generalizability of the SORT OUT III trial by examination of the entire cohort of patients treated with a ZES or SES in Western Denmark. Our data confirm and extend the SORT OUT III results to all patients treated with ZES and SES in Western Denmark. As in the SORT OUT III trial, we found that compared with the SES, use of the ZES increased all-cause mortality, and produced twice as high rates of TLR and definite stent thrombosis at medium-term follow-up. The finding that ZES has higher TLR rates than SES is concurrent with efficacy analyses based on intravascular ultrasound [11] , optical coherence tomography [26] , angiography [27] , and with clinical results reported from a Swedish registry [28] , a large Korean randomised comparison [29] , a Korean randomised study in patients with ST-segment elevation [30] , a German randomised study [31] , and the SORT OUT III trial [25] . Although carefully performed analyses have shown that late lumen loss detected by angiography predicted ISR and TLR [32] [33] [34] , it has been suggested that minor late loss differences in the lower end of the late loss scale may not lead to TLR differences [12, 34] . Based on the current data, the reported in-stent late loss difference between the two stents seems large enough to produce a significant difference in clinically driven TLR. Definite stent thrombosis constituted 25% of all TLRs, caused MI in 90% of patients experiencing this adverse event, and was the cause of all but one TLR-related STEMI. Even though TLR was a relatively rare event in the present cohort, definite stent thrombosis was a relatively frequent and high-risk cause of TLR. ZES was associated with higher rates of definite stent thrombosis and death during the first 30 days after implantation whereas we found no overall differences between the two study stents in late safety outcomes from day 31 on. In comparison to SES and other available drug-eluting stents, it is possible that the rapid elution of zotarolimus from the phosphorylcholine coating creates a milieu in the stented arterial wall that facilitates early stent thrombosis and thus explains the reported increased risk of early stent thrombosis [25, 29] . This hypothesis is supported by preclinical data describing more vascular inflammation with the ZES than the SES at 30 days [19] . With regard to very late (>1 year) stent thrombosis, the phosphorylcholine coating and the larger neointima formation by the ZES may still reduce the risk of this adverse event when dual antiplatelet therapy is limited to aspirin only, but our current comparison to SES is inconclusive on this issue. A recent study by Serruys et al [35] . showed that a modified slow-release zotarolimuseluting stent (the Resolute ™ stent) was non-inferior to an everolimus-eluting stent. It may thus be release kinetics rather than type of drug that explains the clinical differences between ZES and SES implantation.
Patients with diabetes have a higher risk of adverse events after PCI, which includes an increased rate of TLR due to excessive neointima formation in diabetic patients [36] . Our results confirm this hypothesis. In comparison to SES, we found that ZES-treated patients without diabetes had a 2.1-fold higher risk of TLR while ZES-treated diabetic patients had a 3.6-fold higher risk. These results accord with results from a Swedish registry and a small randomized trial [28, 37] . Efficacy differences between various DESs may thus be amplified in diabetic patients.
Our risk estimates are based on population-based data, largely ruling out referral and diagnostic biases. Adjustment for a broad range of important prognostic cardiovascular factors and the fact that 31% of patients were randomised to the study stent are likely to have reduced the risk of any major uncontrolled or residual confounding. Although our study is still limited by potential confounding by indication due to lack of randomization of the majority of patients, the strength of this study is that the results are consistent with the randomised SORT OUT III. The clinical outcome data were ascertained by use of registry data. In this regard it is important that the study was performed in a small European country with a stable population and an accurate registration of the vital status and cause of death of its citizens. All contacts with the Danish healthcare system are registered, allowing 100% follow-up. Underreporting of events (such as MIs or TLRs during visits abroad) and misclassifications are possible, but unlikely to have a major impact on our results, and equally unlikely to favour one of the two study stents. Another consideration is that the study's follow-up time was too short to fully quantify possible risks. It is possible that longer follow-up would yield different long-term safety profiles for the two drug-eluting stents. Moreover, our results with the fast-release Endeavor ™ ZES cannot be extrapolated to the newer slow-release Resolute ™ ZES [35] . Finally, we do not have data on the duration of dual anti-platelet treatment for the two groups, which theoretically might have affected the results.
Conclusions
We conclude that this observational study found that ZES is inferior to SES, thereby extending randomised results to a large cohort of consecutive patients. Competing interests Medtronic and Cordis have both supported research at the three departments of cardiology in Aalborg, Skejby, and Odense through unrestricted research grants.
